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(54) LEGGED LOCOMOTION ROBOT, CONTROLLING METHOD FOR IT, AND RALATIVE 
MOVEMENT MEASURING SENSOR FOR IT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To perform a suitable 
legged locomotion according to a surface state of a 



SOLUTION: During a legged work of a robot, a foot part 
in a standing state often relatively moves, for example 
slides, for the road surface. The foot part (foot palm or 
foot sole) of each movable leg of the legged locomotion 
robot is provided with a road surface ground sensor for 
recognizing a ground state of the foot part with the road 
surface and a relative movement measuring sensor for 
measuring relative movement (sliding) between the road 
surface and the ground leg. Even when displacement 
occurs between a scheduled or planned track and an 
actual track, operation control can be performed 
suitably. 
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1 

[»#jbi ] ii>*< t i>m&v>*m>mzm sternum 

Stingy h-Ciot, 

wie sm mo&Micmm. <* tifc . jssp £ sg® £ ©«*f & 

BtrfatB>Pt^ftb#J^-fe iC <fc 0 *J3E3 tx/cSSP £ Sg® £ 
Iftn^'y ho 

[f»#^2 ] WBtl^BMHSg-fe >■•*■«. SgSW^fa 10 

ie*©wsc*ibci#v ho 

©— SB*s»W^--5 i £ fc(C[p|f£g£KBW ttW e>tofc* 
X . JSgB©S§ffiic*f-r 1 sue* 2 ©^fafC^iTSfB 

zmmi cci2ts©P5^E!iutf > ho 

Mffi^s K <fc s Bi#,tt.$5*s*cc > r mm jgmmmv 
sap©gsMfc*f-r s tBtt&aMt«*m -r 5 £ 4 

«A -5. C £ T Sf»*Jl 1 KIBtB®ift$£gba «K 

V ho 

mSF^Jtcfie -3t-)ft s^toti- r 0 < c £ r?g® 
* *> <o ©«*f ^K)«4» ffl -r s c £ 4#m £ ? * m 

[ fi^Bf 6 ] 1 o© JSSBiC » 2 «±©t@>t^t(Ri J^-fe > 

?&mm l x mm. 3 ti . &ffl*ra*»«5e-fe > ^©aceis 

* £' 5 L 4 ttsR-T £ C £ K «£ o T . BO&Jft * 

[»#^7] HTiaWfflfflW:. Sg®±£*f«j4HcJSg|5£8g 40 
® £ ©*B*f SibS^©f^©@lfa4ffix. fc C £ tcjftg u r 

mm±<D&m*&±-$-?> c £ £#®£-r sit#j« 1 k 

ta*8©ltP5&&iftcttf? ho 

[»3*SB8] fff|ia*ljffllg|3« < Sgffi±£#«jEptC,£§|3£Sg 
ffii ©ffl)it»«i**i0f 5g©Wffl*i6ait fc c £ tcfCS b r 

5*>**owr-r* c tztmt? ztmrn 1 iciais©ws 

ffi£©fflM^tb«^Rff^©Wffi?:ax.fcC £iC|SSU-C 50 
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S*> L . ^iWit£«iM£ WW 1/ fc £ * KBf 

^©fcMs^tt^^ntfr-sc £ 4^m£-r sis*^ 1 

izmmi o] mmmmmt. ssffi±4#«j*icsgp£ 
»s®£©*a>!t^«is^Bffs©wfii4a^fcc icosso 

TltSg®J:©#lJ)4fflhL/, 3 6KI»©M?:^ 
■TSCilrMil'S it*)! 1 icfB«©ffii5*C*f:»! n jJ« » 
ho 

1 ] tfJiaftiJ®g|5t*. Kffi±4*»tf«:fiWi 
ESD £ ©ffi««f««*s9f5e©»l«!*aAfc C £ tct&g t> 
rKSSM±©#«j4<*±L,. 3 6«c«Bii<D ! K«*#* 
G . K^*S*tct& D fctf «j4Hff -r -S C £ £«f*& r 
l KKttff>m£&tbntf9 ho 

2] mrffifM9P3S«. 8gffi±4^«l*tcSg|3£ 
SSffi £ OtB3*e:«iJl**9f5eoi««*jB Afc c £ fcjftg L- 

-rsnjjas i {cia*g©»^«in# ? h . 

PfLii^fgiEf ■2.^© "5 %^>% < £ 1 £ 4 

#at£-r5i»5jsEi 2Kiai£©w^«jp#7 ho 

«» t -r * i iam<Dm^mm o ^ h . 
mm £ <Dmmzmt&ffim<Dmmzmz.tc ctiaz&L 
«4-r-5iii*« i (cia*g©w^«)D^'y ho 

16]'>&<i fc«i(*©aJ«lW4<f ^fcJWS 

^tta*:^ h©tiJW*?£-c*or, 

S"J»W^S«& L X ^ Z £ * CC JSSB£ SSffi £ ©tB*t#ift 

mm zntc&mtmm £ ©tast^«*5c«^i,»r mum 
immv y h (Dtbftzmffl-rzfflmz.?' » ^*£ . 4* 

ftictSHiifi WSC^tt a # r » h ©ffHJ@i#iico 
[8»*ffli 7] Sdiaii'teXT-^v-ciJ, KHW^iSitc 
>!t-r-5Sgi3©fB>ft^aiFa. sovx«< sg®&«*^o 

0*B*f^»«*aW!et-5 C £4#'a£T-5l»*S 1 6 CC 
ie*S©W5££«ia#'5' h©*Uffl]*ffio 
t«*jai8] 2 6cc, s«fai'j^xf-^7"(cte^r§f^ 
©B#raraiiS-ci'j«$nfcsgi5©s§M¥tf^rsi©ffl>!t#fti 
S^BSJfi^JccfiE-pro^gf^to-a-ri^ c £rsgffiffi« 

stoootBSPt^Kritiflta-riiajit^f- ^ ■fz&ffirz 
ct*mm.t-?z>mmmi 6(cfa*g©w^»n!i<^ h 
©sufai^rio 

CI»*3Bi 9] fuiai'JSEX?-^ iHraufc2SRif 



3 

Tzmn^T-v jwrr sci £#«£ -r *3»*a 1 

6 icf2iS©)WS;^Ift a » h ©WlfflttriS. 
[lf*J12 0 ] Buia*lJ13IIXf- ^ y-CJi, Sgffii^iW 

«Ci£SL.-CBEHIB±©»» i £fl , ±-r4 C £ £ ? S 

imsittfo&ip znm? zctzmit-rz smm i 6 

&cS^£&B£©f@#*£»S#W«©Wffi£«*fcC t 

tct #«c3fs©««»*«rf^* ntf-r set *mmt? 

[18*312 3 ] MtaffJillX-r » -7'-C1i. 8Sffi±?r^«i43 2 o 

*5Ni$:£-f si8*wi eccsttow^ttaiK? h©$u® 

^ffio 30 
BFEJ8ftM#©A*tft*:**< 8H&aSE*ffiT3 

w&t-ti nmm 2 5 tciB«5©»^«ti a ?K » h <mm 40 

[ii*J52 7 ] B3r§3fM8PX-r-? SglLtSr^Sbcp 
5Ci £ T S I8*JS 1 6 CcgBtt<z>*P5$£|& a # ? 
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[it*ii2 9] >pt*< tbm&<r>°]mmzmz-?cm3t 

mtf-jwrn i yj[zi<D®ifc&mm-rzm 1 ©aiewt . 
»sj<-*©*2^i©iaK*i*a , r4*2©iaigaiJi. 
MfamiR^2©@$Egi5©^ttit±i^(c*o^r l sgp 
©BSffitcatf i sy ; »2©^risi(c*r-r5tassf^«iji 
^aw-rsauHBi. c£&w*i-r -saw 

[i«*ffl3 o ] d>&< ifea»t*©Tii»iP*«*feifse 
imn#y b0B.mc*5^xmmajmti:. ^tsmt 
<DteM&9bm%:wm.T zmm£W)®m.-t>-y-x£> -> x , 

Bqia»«^©{c j: §BfT^B#r a 1»©Jfi«siij« £ : ^ L %it« 

-r^H«i!!ia^S£ 1 

#I3£, **«-rSC4*«P«i-rs«B»i(io>J<» h 

[^©p^ijjgg] 

[0 0 0 1 ] 

© "iifrw fcjwse^iti n # v v icm o , m «c , « * 
^8SM±*Bj»)Wfc j: ■?xm7*<m<Dm&®w><m* 

[0 00 2 ] M5CS*L < *I6B^«, *ffit^fl8*^*a 
[0003] 

hi £(,>-5 0 a^'^h©|gii«, X77*|§(0"ROBO 

TAwmmy-tc&x-irztwtotix^z. t>&mtc 
•c***^ -e©^<«. xtBtctJW4*efm©ai&ft 

• *SAf b& £?r B«iUvitaU-ii ^>{ftjM o # » 
h & £'© M iUffl O :J< ' h ( i ndust ri al robot) X * r> 

[0004] r-A^D^'^hci^c, hzmizcDm 
m {cttiS: t rfflt » 5 J: 5 &Jg»# ^ ^ ^© n * ' ^ h « . 

gp n a 0 ©ffl35: • ajMfpinttifHjew • mmWi^m^mx 

©*ffittT5. CtiCc^fL. ^Sb^©n^y flog 
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5 

s« « ©n >v - 1 ■ x « mm-r 4 c £ * r * e . & *> 

r^WsC©^^** h«. ?p— 55£*>*-Yi*5S©P 
#\ ^^^©^^^©filOM*^, SEflb-^F 

[ 0 0 0 5 ] «iar«. -r^^^3©J:^(c4S*tfcD 

© JH*^ * - X A-£ftf£** f-' ;KC t T f'tf -f > 3 ft tc 10 
rAWJ&J £L<fct rAKlJOa^-^ (human 
o i d robot) M&HHftatf? McMf -5 

5„ 

[0 00 6] AIH^O < »AlfflSfiPf«ns«lS»i6 
P*'* • ffimTZSm*. m«feTF©2o© 

h iQM? h c £ ifi? » J; -5 . 

[0007] i ott. Affl#^W^l*-c*€. 0 rat> 

*> . AMOTJtt&tf /Xtt±K5cffiyt*Kfi© p*^4 
fPD. *©*H»*ffi*«»L/-r. AIW©*tT»f¥*t'5 20 

*AI«©a«Stt«M¥flD j» #~XA£X^W«:ji?B3-f 3 C 
£#-C#S„ C©J;^)%W3S^«, AMX3*, U^f 
'Jf-Va^?, *SC»tt*Jt*-y*45*fct* % ARB© 

auft^ * ~ x a ^rja 5 {fe© $ * 3- * rmftftmommtc 

[0 00 8] feO 1 -38, AlfflO/'f- h^--4L-r±iS 

fetiffiCC *j it £ AWiSi6©5:»?r tf 5 H/B p # * h ©88 
ffcr**. COICDD*'-; hiJ, AK©i?SiS%©S* 30 

©♦B*-rsAiBix«ai*^oajc*«*^»o, «MKf 
^ rAIHJ&j *&fo^Al«£llc^XttRD#>i*bT 

[0 00 9] M^I2&6ftl>|«***3fef& 
# 6 0 SEW -5. Sr^ftfe tc*s C > T a US -j RCife 

^"T -5 J: ^ ?Q-7^4JSSd*'-; h©ct-5 

-If (fHSftfi) ««-5*>(C|fc^.a<. Sfcnsffy Kc£ 

f>No. 2 5, 1 9 9 6 APR I L) £#M©C 
£) „ 

[0010] AW©fiMt^fia^e{±ffly!©i3:<i^£w:, 
nW)%^c<&t>-&r:Bmg ft-zi*^. m^tk^fti^ A 
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AWft**x«xttfw 0 . 3 6 *c AWKofiE^aai tcai < 

»j§ U T t, > < fc«i>«c (i . p#»F ©^ift njjftff EBtf AW 

©*n<biaBa5ii;-c*-5c<t*i*f*bi>. M&t 

5. 

[001 l ] 2fi#tf(c<fc&W^»*tf5£w':7'©p 
rfiatscift<, Mt^tiit^cij £^« 

[0012] Oi)«t» KD^SIiaiJ, PjK-7 h©$i 
«. nsiKt. h3&3*tf*©f^lil**Wfr-5c£*.*iacO t 

[0013] *ffH#ic{*. £ *tT««l(cf^a -o T£ 

D^ftnafltcctor. #tf^e.!sscc»s*£«tt 
7>xts„ 7j^a«jlti&©«iS£ur > sjs»«!*£8S 

TZMP (Zero Moment Point) J ^frf 5„ 
[0014] NASttntf? h (D«»3SSMfRK>$fT 
©$i@Mih{CMTSJi^©^< (i. C©ZMP**tf© 

^s*jsij©*ii5£ urffl^ru-So zMPttistca-^ 

I?, 8Sffl)f^cj£;D/cS5fe©a«)^WrfiJ*^ff^#JSL, 

B^^£©m#.^*5 0 */c. zMP^M&mmmm 

fete. ZMP©«tStSfeOS(CZMP**1fP^» h 
<D%m&mMffim<<tMm-? &&t<C-Ol>X[*, Miomir Vuk 
ob ratovic*" LEGGED L0G0M0TI0N ROBOTS" (1MM— 
m r^ffnjK* h£AX©J£j (BfUX^ffffltt) ) K 

[0015] b*>b&**6. WSCeWPs^v hi*. W?S 
mSfrtxt: *> t» < ^ffl^t-©^ 1 *fc*«*fH* ^itr 
u-S©^il#:-e*f) . */c^©S{iJ5W»S^3n-c 



*c»#. sfe^fcttw* 3 tin 
[0016] -«{c. HWcuj* ? Mi^a&if-MSftfc** 
ff!Mt*ff5. #13136 2 - 9 7 00 6^ 

£ - >©g f r - Zffl £ «{t o& <- c t fr-c * &£fflB£ 

0 J * £©ffi*t#*&#36£-r * C i ** U* 0 « * -5. 
[0017] 4g$|fJ;f) «>ta--7/^ F©J: i 5%2 

BSKttoSEf btc f* 5 $M£ft©N!JHtt , 2 S#ff n tf" » 
[0 0 1 8 ] 0 l~04CU;t, W^Jtia* ? h#2J5 

( 1 ) «Jte&*_htffc < fflWcc«fc4Hi||3tm! (0 1 

( 2 ) *S*^tft 0 /cWW35#X8 (0 2 *#M© C t ) 
(3) £W*J$fe_Bffc % £WCc<fc**|>3S3#JW (03 

( 4 > &&&mm l itmm&ma (04 *#«g© c t > 

[0 0 19] o*'-; h©^TM®«c*><,>T«, £>6#>D 

n-wfiiiic^-r zmmiEmzm 1 * -cm©* $ z—mu-c 

SH5^B8m3£*<J*tSS>No. 25, 1996APRI 40 

L) *#jtaoc<t> „ 

[0 0 2 0] CCT, 01 iC^T «fc 5 &««3S#SJ*W 
«, 0in©i«-©S:)W^SSffi(c«H6-r^mWS:^Fffl-C- 

[o o 2 i ] HSKtt. &mcj:^mm^mmiciSE&^ 
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ffiLrt»A:*ai<b*BRO|)iatiO|H|(c«. (AX, A 

[0022] mm^mvit, mE^mtitmosMt 

So C©fc<£>, azK* h^fiii©tiiE4iEHlfi^jfl3i(c 
5 C t K <t £ o tf-Httit i H^©«lot*3fflaiT -5 teS i 

[0 02 3 ] *fc. 06JCIJ, 2Sa»«cj:Smil3£««!K: 

^«thB0rt»fc«iaiSiEI»©|liii4©iB«:«. A0 
[0024] c©cfc5^i5ie-rn*, i/t-/n - 
*g u tcfc ta ~> x f a % m t, » r ie St % s $ t? pj^ -r s c t 
osk» f-©itff*i6i{c^*-rs©r, ^fffHi* 

[0 0 2 5 ] — «SW(C5*, SJSKffi>Pf^tti*i^-rS« 

^,05 <,cm-?£ *? tesmw-nwftcommmtm e cc 
s 0 

[0 0 2 6] C©fcat>, SS^ttDiKf h©Wg|3©li^ 

•fe>-9- ; &fflc^r, Kfflfr & ©K2J *»J5&r s ft £' b r ta 

*t^W ©l»*i**-r*&£©*f**l»DSC 

[0 02 7 ] ig^M^t-fa • -b 

S#©5g»*gLUlL/tt) L-C. ffl*f^86 (jfO) ©U^B 
0 ft: 0 , JWF$©fiiii+Bi tC7 4-Vr<yifjr&c 
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[0 02 8] fill*. W3»»n«J<i» h36^ff-r*HKC« 

WW* &**t y o -fe x A 6 ft J: 5 . 
[0 0 2 9] ^Bf©AWWH&frrS»£fc. 8§®4&Jg 

BcDcfJCcftSWSClRO Aft-r, S^CCfiitfliiE^To-r 

[0030] ee*©w^tto* -j yo&mcmt 

ri^c-fe>^-«. — date. 8g®*>e>©S#-«\ 88®*-*? 
©K«tii«£*ff ^> fc©3&stt^^£rr*4. 3t»«*.ft 

**Di3©^«rnct\ &mic*tt zsBommm (m 
sgp©tB»^«i (wo) *^*d o jaHt-r set 

[0 0 3 1] 

fT 5 C 4 -C * 4 . ttft7aB5$£» BiK»h * JMW 4 

C4it&£ < , 

[0032] xmxDwt&mm*. «a«*w;f*n© 

!Sffl±* oliblWK: <fc o r^f *©ffi©«W&WSC«»f¥ 

«*tf9 c 4jwt?ss. «ftfc«iicyp«in*fv h&mm 

[0 0 3 3 ] *JW!©HftSBWtt. KOomtORCC 

i*e;TjtoMto*y»»fls**ff ^ctms, «ft 
[0034] $i6i©s%5@w«, *&tfft <fc*©Hae» 

*W1MR©**k:. Kffi4«ttW4©M«:tl*ratt <» 
0 ) jWBC«), C©*SJIi. ^X«ftii3ftfcifiii4ji 
l^©^«) i ©RSI CC-Tft b fc«^-C* otfe, jfilS 
WK»flPfWiai*tf 5 c ttf-cz «ft/c»5££«frp *r 

[0035] *»w©Ettsaw«. #frtt £©JW5S» 

«rf^*©*tfcc. SSffitc*f-r^,SS©+S>ft^Ki (»»)) 

IWfeW1»*tT5C 4 (SftfclStt^ifrPtf * h 

£ffiffiT&C4Ccab£,, 
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[0036] 

[p!M£«&*£fctoCD^|£] *»RB. ±fBIS®^# 
SjL.-C%3ft/c4>©-e*«3, ^©Hl©f»lffi«, 4>fc< 

t, MfaBlWIW©S*Ccig^:3ft/£:, £§|54&§®4©fB 

tt«'J^-fe > mt J: 0 S'jjg 3 ft Hap 4 S§® £ ©tB*fi£!& 

[0 03 7 ] CCt, SulBtS^f^SWiJ^HzV-^i*, S§® 

em * ft o ©ffi*f#«&«*«5£f sci^-c#^ D 

[0 03 8 ] ^#>Sf|^lS$iJ^iz>-<m s JS 

W6ftfcxK-JU4, ^#-JU©» i ^©@K*^aT 
*»1©@R»4. R#-^©^27fi^©liI$s ; S:^l±l-r 

s*2©a«BB4. «riamis^2©@feai5©^(±itij 

^{c*r5ur. SSP©g§Stc*f-r5HlR{>'^2©^[p] 

c o o 3 9 ] aa$©«iftffi*«*-r-s»«* 

S4. WBBaW»*Stc<t*3f5£l^|l|»©aM»Bfll^5L 

[0040] wiaffi>ct«»S'j5e-fe>-9-*!Jwsp©8S®w 
*isi©ta*f»«i«*iW5e^i6-c*i«fc5tt*»^ b^«© 

ft o ©ffl*t *£tti*£ifLfcH-r acims. 

[0 04 1 ] *4l»t±. 1 o©fiWK2«_b©ffl*fl£«F 

fij^ -fe > if *i in p B i u -c u t «fc c c © J; ^ sc « 

&ti>tf*?iti«'J5£-te >-^©*J5£*S*4f:btgt- S C 4 ft 

iot, its5i3©sgffi?iig* ft ©«*t»»«*iwi-r 
sc4*sr*4. #ffl*f»iwii3e*>^af*«. sg®& 
«s ft o r«<c < BiB^tf *rsi©*tB*t»i«*8B5er 

5C4^-C*ft(*J:t<>= 
40 [ 0 0 4 2 ] Mia*WaB!,*. ?§®±^^tt(4i{CS 

gP4 SS® 4 ©ffl*f»»«#0T5£©Wft C 4 iCl£; 

[0 04 3] ttc. ®m , ?mZ&±2i±tc'&. 3 6(C» 

af©«ija*»*o-c, «asa*!i*«:jst;fcff»*fsfT-** 

50 SJ^tcor^J:^. 
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[0044] &tc, m&mwmz. im±.^nmc& 
<fc 5 (cur & cc-cm^^ta^mm^^-y 
2<t&, x«zMP#tM£«iET&&4'#Ptf6to 

sir, wmm*mmi>t£frho&mmtytwu-$-*>£ 

^(cirfcJ:!,^ 8gffi±£^«j<tHc£gB48g 

[0046 ] * fc, 2 ©fflijffitt, < 4 

ffl*t8H6« *ffl JET SifXf^i, jfliJS 3 to fcJSStf 
Uit?) SPsS&fti a ^ ^ h ©SWT? & t* 5 . 

[0047] mwim&XT- v mwmttmm 
-rsfiapoffljKhgafta. R^/xt*. ssM&i^too© 

[0 04 8] £ fc, H5ia?SiJ^gRtC*j^rMg|5CDSgaW 
7? fa©tB*t*?«)S£ »J5£-T £ fcg£ (c 5i , 3f5£© 

w<Dmt&tom*nmTz>mnxTv7*ffi7Lx^x 30 

[0 049] wriBSW^X^ 7"-Ci*, ^PbIL- 

fc 2 ffl^f «±-CS» 4 SSffi 4 ©tB*f««** 4 J: 

-emmz titc&tmmmm 4 5 l zttm? $> c 4 cc j: 

[0 0 5 0] Sfc, ifieWffllX ^ ? 7"C«, 8§M±£^ 

c 4 kiss LraBffi±rcD»ttff*4fltjtr * =fc ^ «c 40 

[005 1 ] ifc, »«*ff±Lfc«fC 3 ^C^f&ff 

■f o' ffl-r c 4 -cn^ <* to s . 

[0 0 5 2] *fc. HtffBflMXT- v Xrii, ffimJt*fe 
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©t^*#SfrT S «fc 5 CCOT £fc, ftJ^SJH 

[0 05 3 ] * fc, fwfe*lJSM.f » 8§ffi±£*£ 
«c SSP iSSffii ©*B*f *306*#3t £® mtttt*. fc 

*WB*/h3 < f -5. X«ZMPfiii£fiiiET3&4:^ 
If6to5. 

[0 0 5 4] *fc. Mfe*IJ®XT- » ^-et*, Sg®±£# 

{csgp 4 ssffi 4 ©tg*f mmm&ffi ■mommzm fc 

fff £ J: Sit Lr Sgffi±*^*!)ctJ(c 

•5 or 

[0 05 5] Sfc, *mi<Dm 3 ©PJB«, ii>^< i 6 
a»*«oW«W*«Afc»SC»«ja#7 h©JE»tc*jt> 

*>{ci5]itoe©cK i 9Ww6tofc^";L'4, m.#~)i<<Dm 

WB*t^if)«'J^-fe>- , f-C* 
[0 0 5 6 ] gfc, *^KB©SS4©ffllJE«. < 4 i> 

•CiefflnJtlfe, SSP4ifSffi4©tB^»*^«'J^-r-5)tB 

4 . B«ia«#^i3ic j; a B»f m owi»mm 4 

[0 0 5 7] 

2s^tf©i«^5c«, j&&©swaj*i, $,6*> 

osb^xwitBiStofcTK©t)ijlltBi(c^or. 
*fc, PDWX«#JW©^J#Wtc*j^-ctt, Sgffitffg-^ 

air4jK4©tB*ffegM^^4ic^oT, ms., *mm. 

M<DmiE, X«. ltiiifiji{c»»3i±^/c<!&©^iE«iiI 
©£Efea*fftoto£„ 

[0 0 5 8] o^-y h©W^;ff;*cfitc*i^rii, ±rwx 
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lemjET * 4 4 fete. *B>tf*miS(cS-3t>TitES»Ut£ 

[0059] -ecr. *«w{c«s»s»iiiasj<-y h 

B. &^JItlW©Sg|5 <JS¥XttSE) KB. SgP48gffi 
i<DS«6t^Hg*-SitS-r £fci*CD8gffi&tl&-te >-?+©flfek: , 
SSffii«t»t©P4©fB*t#«J (#0) £«<J/£-r&fc£> 
©*B*t««HB5e-fe>^3&««3n-Ct,>S. C<Dtcsb, ¥ 

bh-b $ n i uBioew & cDiBi tc -r <i 
u fcis^-c * o r fe . ausw{c«ir'BM«ii*tf ^ci #r 

[0 0 6 0] *I6W©$ 6«Cf&©@W. 

f^a?-r^>^:^©^)5few^>v3s#Tsiaffitc»-5< £<om 

[0 0 6 1] 

[0 0 6 2] 07RO'I38(CW. *J%BJ©*»<:«;*n 
£ rAIH^J XB TA^MJ ©WaS^ttcuKv H00 
L.n>5 * W^&tfffcfr ©S * #> 6 BftH L tc 
ttf^Lti,^. @^©il*l, ISfi^S&utf'y h l 0 

*j©±K4. WW 3 ft*. 

[0 06 3] £*&*©Tltttt. AH§I54. 8SMge^, 
E»i. JS.1T4. JE¥£T?*»fc3ft. HfflWfBJJCtoT** 

^©■&*T*KcriWS3ftri,»s. ;£;&&*© 

tc j; o r fr#W±?j ©2&&-&WJl£ttr &*£ $nri^„ 
fflSBB, «TlW®(cJ:o-C{*S^©Bg*±ig4i*Cc 
SlSSftro*. 
[0 0 6 4] #8*86.3..=. M*3tCB, 07 RUM 8 rB 

w^tou*? h i o o zmm-rz&mmT 

£©IBi&*iJfP J f>#-fe>-t+ (fta?) &4a>6©*fg&A2j& 

©a2««a*««Ltett«t-c*5. ^© 
fife. &R»ftuB©iim a > * - ^ x - 
/Vet^r fe <fci^ 

[ o o 6 5 ] m 9 kb. j&mmtcttzsmfctbutf ? 
v i o oASMmr^mm^mm^m^micfjkox^ 
s„ ia^©ao. jw^ttn^-y h i oob. 2*©w 
?m 1 4r#t^±f* 4 . i&wimtt-mit & 2 *©» 

ffl»> ?.^STUi, ±JB 4 TIB 4 * 4 r 

fgf£3ft6 0 

[0 0 6 6] SISP 1 £3y#-r£trl»fi5B. lTKI8i53-# 
2i, fl8f 7?i3i, flrlSBSBa— JU*fc4it>^ 3 
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[0 06 7] *fc, &tt#K. JHW«Stfv*-!H8&. JR 
W»a-jH»9i. ±§83-1*10 4, WWg&t ? 

i 1 1. mmz-mi 2i, ^«mffe??Ni 34, 

#trl»»n->Hil 4£, 1 5 4r«tJ#;5ft-£, ) ^ 
BSMIiSflE'T?**. fiu #95 1 5 ©ifr^SteB. n^' y 

h i o o (D^&fefflm^mmftfflffltcM-? 
tmtwixwx?. xwrnw-cizvu MASLtestr 

10 6„ U/cASor. £«©#MSI5B7 gfiJg^WT^i-r 

[0068] t tc, mma, tmv -j **5i. 

ta-;H»6t. {*#3-«|7 4l^3aajS*Wr5. 
[0 06 9] *fc. T^^TSfi^S^OWSPB. 
BSB5li53-#l 6 4. flSM© f » ^« 1 7 t . BSK«5n 

-;mi8t. aM«tf?^wio&. en*tte»* 

IA2 0 4. Mg5a-;l/*62 14. S8I5 <jajSX«S^P) 
8©3t*B. *HI*I5P*5 h 1 0 0©flS 

20 B5t5fig^^«-rsfe©4-r^, A#©SgC (fifi) 2 
2«. ^(CB^KSS • ^e*ffi©J£JS*^A/cfltffl# 

[0 07 0] «±*«fiWtl«. «UJll«K«SHBt» 
ftnsKv I- 1 0 O^ftil/ttt. + 7 x 2 + 3 

+ 6X2 = 32 SfiB*Wf 4 C iKftS. fflL. WS; 
Stta* -^ h 1 0 0 Ufe 3 2 e*ffi(CRg^Sn€) 

■?rt*ftt>. Sit • W^±©*U^^fr^*f±«^tct6 

30 or, &&&?tj:i?*,MB$k*mmtm-r2>c±&-c% 

[0 07 1] Ws^ttP^' ^100 )W#-3±iS©«KI 
fP4bTj|31$n?>. *«©n«Lh-C^tt«6**»P 

urt h©e^f*ffj«fca{K3-fi'Sc4 j f>. 2&mft 
^tt&mm&mcMisxzmmwzft 1 * c 4^4©e 
^©«»3&»6. Mir f * x - ^tt^iiogfr s. 

[0072] *jUfe0iirB. s f r rs»strji-3i>--5K«l 

40 -7 7*{LL/r*"^ • 3.^ » h«crt»L/fc^ 

r^^^x-^ccngu-rB, FiRB*mnAK6acc 
wr stir i 1-3338 e^nimccniTjx 
stirc^o 

[ o o 7 3 ] a i o 4cb. ^mmicm^m^MWsu^ 

v h 1 0 0©*lJffl1>'Xf-A^)S i 5r^^cfnLr^5 o 
so 2 0 0 4 . MfiiST ^ - 3?©|gtt^ in*' h 
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[0074] ®mm*v * 2 0 0 b, t**g*iK't> 
•nmhhciw zmmemznn-rz cpu (central 

Processinq Unit) 2 1 1 RAM (Random Access M 
emorv) 2 12. ROM (Read Only Memory) 2 13, 

so*, nmzmms f • ? ■< z t> • f ^ -^^ <*o 

2 i *i>^-ju2 o ort-cga^MM 

gPIBtt^S2 1 4(C», F'Rtf. i&7'i*-^-p*<J>1b 10 

©:t 7 5 -Y >ritW 3 ft fcifrff^ C&S 

[0 07 5] S#WW*i> a-;l/2 0 0 tC«, CCD 
(Charge Coupled Device) t} A "yUEayWfcKh^M. 
25 1^. -7^^%£'©#^A^i^2 5 2. Xt-# 
5:i"0f^ttJ^gg2 5 3, LAN (Local Area Netwo 
rk: mmhtSL\.*) &£*£i&fil/TP**? h 1 0 0?f©-> 
^T-Ai'r-^^^ff^afH'>^-7x-X2 5 4 
&£&«©Slg#. ^'X'-i'>^-7 I -X20 1I4 

rft»snri»5. 20 
[0076] m&fflm^isa.-hi 0 0 -cti, m&Kti 
mm.2 5 1 ^eA^j^nsiiftxBmm^-if^^A 

«K» M 0 0©3SfiE©!BW^atS**5e-r*. ?6IC, 
S^MfflHeixa-rt- 2 0 0 {J. SJB9lSCC*-5t,>fcJg|| 

[0 0 7 7] — *<oa«i*«ar*i?»-;i/3 0 o«. a*' 

v h 1 0 0 <D±mmmmm*mW$- 6 C P U (Central 30 
Processinq Unit) 3 1 1 RAM (Random Access M 
emory) 3 12. ROM ( Read Only Memory) 313. 
SW. WW&ttiW (^- F-fw**- f-'7<f^t') 

3 14TM?tlfc, W a -*3 0 0rtr£B3SIS«J 

3BaBtSgB3 1 4t£«, mw. BJft*m>fiJHrfP<# 

- > Xte&n&wm-r zctwzz ( r^§j is*, 
»Tffligr*S) . 

[0 0 7 8] MW)fflm*:isx-~-)l-3 0 0KIJ, a#'s/ h 40 

i o o©^#{c^ifc-r*-€-ti*n©i««sesa*ies-r 

SHeiBTi'^x-^ (09^#IOCi) , f*^35© 
^i& J f>ffll4€rlt»JT€»^-fe>-9-3 5 1. ££©&£§& 

icies $ ft tammm * > l> tctas* ^sba^ iz > 
-9-. >; «c £'©*»*«s-r i© 
&«©««#*. '«-/>*-7i-x3 o ihsts 

lft3ftTt><5 0 
[0 0 7 9] C C-C. S§MStft-fe>-^«. g-SJg©g§ffi 

5„ SifSffi^Sfei2>D-©tH^j{c»-3t,^r. h©«| 50 
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(cieta^nSo ti^tt&'j^^©^*, wtoR^ 

[0 08 0] ««)WfflI*^a-^3 o ow i&ffltt 
•=& y a - ;b 2 0 0 #> 6 Ji^ 3 ft fcfffft^ftilT ^< < . S- 

&ft%. CPU 3 1 1«. S#*)J©*v ; ^.-;l/2 0 0#> 

^§^3 n/tff mem otcmft^ a ->&9w&vmm. 
rw-s. *or. cpu3 i ni. *g5esftfc*rffc/-c* 

-XClte-o-C. SSRaSb. ZMP (Zero Moment Poin 
t) ftjt. ftftjllb. JJKSUKl !I^*¥feKRc>'ift3 

( rzMPj £«, *fftti©*S^(cJ:6*-^> h*s 
-fe*a£^c^B±©,^©c<!:-c*D. TZMPDi 

iij £t*. m«a^y h 1 0 o<DmmftimtptiZ 

[0 0 8 1] CPU 3 1 1 (J, ^-fe>-9-3 5 1 

©W^jM-^ccJ:*) a^-^ h l o o ©i*$^SE^©^^ffi 

0 o <D±$tummto>*$~>*&&micmm?z ci# 

[0 08 2] 3 6(c. ^(EMiMecffi<&M^tta^7 h 

1 0 OKfclvc&i, CPU 3 1 1«, #JgSP©tB>lt^J(| 

JCcW&ttftWW©— «tt. * 6 *> CAItB 3 ftfcBSMft 

m<Dmtfit£mjE-c$>z>„ fiu, Jssp©+B*i^iii*©i>j^ 

[ o o 8 3 ] m i o Kjjvr j: 5 cc. amm** 
200 india^i-^a o o«. *i©77 ^ f 

X2 0 IRO'3 0 1 fcrt-O-CffiSSSRStlTI,**. 

0 0{*. !§Mfflmm>x.~)l2 0 0CC 
*» I > r ^3 ft tcMMM <0 ontbifi £<DW8.Wm. 3 ft fc 
*\ tftb%*lotia4, S^*(JfP*> ; ^-;b2 o o 

[ 0 0 8 4 ] a 1 1 K«, ^SSWc^^W^KiasiC 
^l-io o©sgBSH©fll)SW%^uri,^„ fsiatciK 
■Ti^tc. SSI51 10 Hi, SSB©ffJ«**^-r^JSSP 

^u-ai io2i, tswiiawsyiiwtci^ 
T5fc&©w§i3is$san i 0 3i. sSB©sgffifc^r-5 
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mt&wj& (m<om) ■ mm? &fcih<Dmm&m 

mi**tfit}i-rz>tcsb(Dffiwm&t>y- 1105-110 

tmmnwi 1 0 9 i, coimm&mmzutfv 1 1 
0 o<D^mwmi.u'c<Dmmmw^^^--)i3 ootc 
*^®iiT&fc&©iz>^t*««ffMfi§i3i 1 1 otv 

[0 08 5101 1 CC^;-f0lT«, 1 o©J5&Jgfc:4S© 
S§ffljg«6-fe>^ 1 1 0 5-1 1 0 8 ^IBKL-fc^, -fe> 10 
1^©ffi&«:#KKS£ft&U,, MJi;©&g|5te«K:«»< 

&itt«sg t fcttftu: 5 *«±©jg«inz or 4, 

<£i.>U »t^©^{i©|$g5ifs©^rj;&:mwn S 
©ffiif-te > If <D^.-C3t^-C & £ . 

[0086] mmc> *BM^»*j5e-fe *>«f«c 
PS^sn&t^. hi 1 k^tw-cw:, #-tz>u-© 

ftlttlfi#?rl3Gaj£±©-fe>-!fA^ffi^api 109 

^.-;l/3 0 0K|S^-r-5>ct^KLrc^*s. ?S#^S?: 
jffe-rmicD^Ulff^^^OSSMSJjtiJill^^^-^S 0 20 
OWci^fi LtWl>„ C©*§£-«, -fe>1^A^Miiill 
USB1 1 0 9«^£&S„ 
[0 0 8 7] #a>-£\ fa#^iWJ/E-fe>i>- 1 1 0 4 iC<fc 

[0088] m^m^y h 1 oo&mfzj&sbt-? 

&PSf1^£tToTl>£iWF8j#, SSffi««^>^l 1 0 
5-1 1 0 8 5riUt, -fe>-yA^Sgl3 1 10 9ttS 

6(C, ?SMftite42>-y- 1 1 0 5-1 1 0 8 ©^Xii- 30 

spec *j c > x sit *s«g is 3 ft r c > & <pttciz, ffltt i&m 

$'J3E-fe>-tM 1 0 4CCJ;oTi'J^£ft&^«lS#)£^(D 
tB*f ^«J* i 0 3 ft & „ ItB 3 ft T 1 > 2>%'ir<Dm 

®. sitet^M^itctDDr, mmn^^i io4k 
[oo89] it, m^<omfWsi%mcis<,-t 

5CC^-Tcfc^K, tZJ»{BiJ©JSg|3 (|B]Hr«^S) #8§ffi 

tc*t ur p ;u$ifiRt> t * ^fA^t^cc^-ft-eftAXR^* 

AYfcWfg*tt£» ^SCLfciti>. £Mt£¥ 40 

^tb^ $ < ita c h ft c> c £ am® i 5 ft & . 

[0090] mmi>c9fk-ritm&, -&&.&%±<<mw<<cm 

>1M 1 0 5- 1 1 0 8©tefti(3#*i£K:WB3ft.5. 

mm^>v-i 1 0 4/«t§„ 

[0 0 9 1] S§ffijtlte-fe>"9- 1 1 0 5- 1 1 0 8 ato'tc 

ti^tbi'i^>-y-i 1 0 4(D&fcm9mt. -fe>-^A 

.^{aiKSmSPl 1 0 9KA^3ft5. C©-te>^A7J*t5 50 
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m%wm i i o 9 oTtt, cfte>-fe>t>-A;fc*»JM-* 

•fe>lJ-t»$RiiffMIIgpi 1 1 0«. 

[0092] suwwffli*^*-^ o o«ijr«, mm 
isj(c^ ft-en a x a y a* & t> % » 

[0 09 3 ] *fc, 12(C*ti^j:, €S«ilfc 

Weil*i?3.-;i/3 0 0) «, SMgSOftS^fflfflL-c^ 
5©r, Sgp{cti^tt^Dr£e©W£^u©M^ 

!&*5fe&£^6©J£SlKctaH-r6©*\ 3 <5CC«fg^ 
St«t{| S J: ft tf . SSB^c^tS 3 ft fctB^«i»J 

mty-y-i io5tcj:or. s^-s*©s8P(ctswsss 
fc, BBBJcSsf^So^? K4g©iglSWffi*Ailie{C[&i± 

[0 094]^. ffi*f»»*J3t-b>-9- 1 10 4©ft 

[0 09 51 112 (Ctt, ^SfiWc^SWSC^I&n j1< 
h 1 0 0 tCiafflnJ#g)iffi>pj-^«i)S'J^-te>-9- 1 10 4© 

-jh3oi oiais«cca^i>rt^««i*tta-rsc 

[0 0 9 6] S§B©JSStC« s «ffi©— gB*iSffibrC^ 
6*-JH 3 0 l*siRSftK»!3ftW'5n'CC^. £ 

gp^ifSfflic?t^ja-r-si, c©^-;n 3 o i ©utti 

®{*8SB5 &c ffl&ir 5ciW*J. 
[0 09 7 ] ^-Jl- 1 3 0 Hi. HfsSEM^xeft 
fc^-C, 42>1f • >r~7s 1 3 0 2©F*1g|5(CJRS3ftr 
*-Jl/ 13 0 1 ©Rffi^Ct*. 1 3 0 1 ©X 

M (o-;H4) ^ffii©[3lE4ciItt-r^>XliS|5ilEO-7 l 
3 0 3 i , 13 0 1 ©YW ( f y #(o|©[BI 

tetciitb-rSYiililfea-^ i 3 o 4 i, Sa-7i3 

0 3, 1 3 0 4K.ttLTM&<DEEJj-V#-)H 3 0 1 S 
ffl#Wlifc*Oa-7 1 3 0 5*S/>'^ 1 3 0 6©«75 

uresis ftr^s. 3 6tc xwiitKO-^ 

1 3 0 3©«3c{Ctt. B-7 13 0 3 (D^&^tii-r 
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mmc^ Y$4ls]KP-7 1 3 0 4 (C(*, D-5I304 
©lHHi%lfttflT*Y*Rrf5l@(Ei>=i-y 1 3 0 8# 

[0098] tzm-bmwbx^zmmtpic, mmicttu 
•cwmm <»»)) ££§c-r4. tB^*Mttci£;t;fc# 

ft-Wiff-A 13 0 1 XllACFYWO&ftfttcBIK-*- 

#-*i3oi ©msoxm^naiRS^sotYffc^isj 

JdWH*, 1 3 0 3 SOI 3 0 4(CJ:-5-Cg 

isn, x#^rinjiaiEX>3-^i 3 0 7 s.o*y$6^id) 
§Kx>3-j?i 3 0 8 j: ^ r &tiiK«*^^gx ^ n 10 
s„ 

[0 09 9 ] HI 2 4»CD#fl8#-Sf 1 3 0 9"C^;*ti£* 

1 3 0 8©a^j*tH»-rsci*t-C*4. #M# 
^■13 1 0t^3ftS*ya-;l4;*«SJ^ffig|rc&!3. 
x>3-^m^^)!R0T. Xf4^r6]RO'Ytt*(S]©^ 

-c«tt*ijtai*^^-jb3 0 occfw*;*to£ (was) . 20 

[0 100] Ste, 013 CCtt. ffl*M£»«iJ5£-fe>-? 1 
1 0 4©ffe©fljE£09£^L-'rt,>£ o a 1 2(C/^b/-ctB*t 
^»9J5e-te>-? 1 1 0 4B#-;l'QB4E£i>9MMft& 
WfFCCJ; oTffl>rt^i&5rSiJS-r HI 3 ic^rmx 

[o 1 o l ] m l 3 ft^-r J: -5 fc, c©^©tl*f^siji'i 

ffi-fe>-y- 1 1 0 4B. M*Bfcitfi4 LT<D#S:)fcgB 14 0 1 
&£#£#U>Xg|Sl 4 0 2 4. !Sffl#>e>©JK#f3te£SI:)fc 

r & /c&© u > x& i-o^aua^ 6 a * »« u > xgp 30 

1 4 0 3 4 , SW^^Jfffr**^*^ 1 4 0 4 4 . 

mmm»ifmt^mvmm»m«ii 4054. 
m&mic mni. » r Mai 4 sss 4 ©tBfehBWi«*fcj£f s 
t©tswi««»sp 1 4 0 6 i. 3t3esnfcffl>*»«i« 
(?tos> £a#? h 1 0 o<Dtp£Mwmt L-c<Dmm 
mm^j ^-ji3oo mm-t zmmsum^ 14074 

[ 0 1 0 2 ] m 1 3 cc^-rw-c«, »«3ft^gB 1404 
ft J: ^Ja^fflj^^SgPfcfc^r Bf££as L X mXfeWsm. 

wmmms *.~~ji>3 0 otciijs-r^i^tcu-rfecfc^o 

C©<£ -5 &*§^. W&MmmWM 1 4 0 5 4t@*M£lfr« 
!^«a5 1 4 0 6 iS. &U±#>t>W%??> C £&X*% 

So 

[0103] 1401 ^^MSnSBlfSiftg© 

fMtt, MU>X1 4 0 2?;/Mt, aSfcWJgJI&S 
to/cSSSt£g©£^£M*hrSo C©MH^T-C©S§ffi^ 
»&U>X 1 4 0 3rSd*$tirSWfc3R 

[0 10 4] »#,*^-§|S 1 40 41J, PJx.BC C D (Ch 50 
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arqe Coupled Device: WlSrifi^R-^) JSc4*"tfl*JjR3ft 

[0105] Bft&9ffiJMP 1 4 0 5 «. aitJST-gR 1 
4 0 4 6tWRH«* A^J L T . ^(OSR/MNfMMNH^ 
©»«!B*IHI*Jt*!!!"r-5C4-C. B«E©«J#*#ffi-r 
So Wfctf. 0 1 4ic^-TJ;^Cc, At#IWPB«©«H& 

bwww-c^* 4 o . stfS-r-siHjeixw^ira©^!** 

So 

[0106] B«EMfflMJ¥ai5 1 4 0 5 iCfcl^rff <E>n/c 
BMfcOtt ^OtBft&IUtiltJHP 14 0 6 

fcm^snSo mmtbmsmm uoeu. m^©k» 

*) Axsi^AY*sta-r-5o ccr^asnfcta^ 
intMssp 1407 ic^-o-cmsbrnw^is* - 

)l>3 0 0tC^M3n5o 

[ 0 1 0 7 ] m l 2RZPM 1 3 iCnkLtcmtt&WjMM-te 

>ifi io4«, ^-rtii>sM<D^mmrMicM-r?>m 

tmWsm, Xtt (a-;Hi) 77f6l3fec>'KYli 

(t'??i) 7Jfr©#ffl*t^t&«: AXRr>*A 
Y£»tf}-r-2>&©-C;£>ofco SSfflWfT? 

toPjK y h 1 0 0©^f*l|©^itB«lii©ffSiEfC*j^r 
^fCitSr-* -5 C 4 ttgEftM^fcil 0 1?* So *c 

zmm-r s c 4 ^■c^s«*t^i68ij«-b>if{co^rift 

BJTSo 

[0108] &tbUJKv h<DmWi£U£t><0<DM 

[ 0 1 0 9 ] 0 1 5 KB. SgP©!S®ffiSStoO©tS» 
^KrSf ^ to % Hrt5a»*iB'J«^I«|!5:ffi*f^iWi"M42 > 

i»-*Ji«i/fcaffl©*)iR«%ig|jSLrc»*. 

[0110] H^©ili9 , SM 1 5 0 ltt, £«5©J&K 

**tj#-r4jaap7u-Ai 5 0 2 4, m%w±mM.mx. 
&mms<tc&£i-?z>tcisb<DBm&i&m 15034, sihj 

©fflJgKM5£IMW4R-crES 3 tofc 2 S©tB*f^Ki?RiJ 
SHz >-y- 1 5 0 4- 1 SO' 1 5 04-24. &Sfi©SS 
ffift St -T S !l*S;c>'»* *^m-rS/cto©g§M^«fi-fe> 

-^-1505-15084, ^s-fe^^^mff^^ffi-r 

SfcSt)©i2>-tf A^MSiSllgP 1 5 0 9 4, C©ttS 
JWS**ai}fv h 1 0 0©^flJ^4Ur©Ml(*flffll 
*i>a.-;U3 0 0tclEjHMil-rSfcto©-t2>+)-t»$Rjlfi 

saiism 5 i o 4r«r?5t?nSo 
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[0111] 4tt©SSBg=tt!Hz>-tf 1 50 5-1508 

«. hi ncak btcm^m—mmn j: < , sfc. t£g 

T 5 -fe > If ©«Brt>*BBr « Wc R5^ 3 ttft t> , 
[01 12] *fc. tB*t»ttiWJH2>1f 1 5 0 4 -W 
1 5 0 4 -2 ©S* «, ©4z>1f ttiSSBW^ft 

cDta*t#:«jat?r awje-r s c t &v * n«<t < , mz. \t. 
o 4*-e©£ *auai/-cfcj:i,>. 

[0113] CCT, 2a©tB*f^WSiJ^-fe>^ 1 5 0 
4-M1 50 4 - 2*ffll,»-CjaaB«DBffiS»*t>0© 10 

[ o i i 4 ] jggp i 5 o i mmicWLxmm® <» 

0 ) =fe»£Lfct§^ &*©*B^£16i«/£-fe>-9- 1 5 o 

4 - 1 1 5 0 4 - 2 (C*jC>-C(*. 8SSW^|aJ©8S 
'J** HUM »® K tB*H£IW *i* ffi 3 ti 4 . « tii 3 ft £ tl 

[oi i 5 ] a i 6 icnk-r ct s «c»/hNraraw»©ffl3* 

ffiotO&f^bttli< CitCtot, 017(CijVr 20 

[0 1 1 6] II 5 ic^OfcJ; 5 ftJSgp 15 0 1 ©flto£ 
t»J-C«> 2 S©tl*t^»J«'J5E-tz >-V 1 5 0 4 - 1 1 

5 0 4-2«Kineg3nro5©-c, zmm^ 
-ess. 

[0117] 1501 ©8gffi(C^-TSffl>r^tt^8g 
Bffi*£$:b9<DJ?fcft££$ftC>t§^ &-fe>1fl504 

- i &cm 5 o 4 - 2 <Dww*mu:*3tt?>im&mt¥- 30 

ff £ ft 0 . 018 tc^-T J; 5 (c . Sffl^ifrjflve-fz >1f 

1 504-lSyi 5 0 4 -2CCj:or«te3n-5XY 
S*[6]©^ (H^©^Sd^^ t-fVAJ&VB) 

<— gc-rs. T^t>^s-fe>-tf^6©^mw^»[siDfa 

£ft&„ 

[0118] fd3#, san 5 0 1 ©SgBfC^-T^tBSt^ 
«iJ/E-fe>1f 1 5 0 4 - 1 SLN" 1 5 04 -2 <£->Ti!W5£ 
[0 1 1 9] Ell 9 Set*. *-5B#fffliaPi|(c*st,ir, 40 

1501 ^ssffis^sfcotc^se/cwtg^tsibt-^t) 

«iM-fe>1f 1 5 0 4 - 1 JkU- 1 5 04-2 }C*J(,>T«"J5£ 

so* b fa © ft t n tc*-3c > r . aau©gsffl?i«i *> o © 

[0120] ftfc\ H 1 5 iCtn-rmx-U, 2$©^^ 

ffig-fe > £m t »r 4> ls]l»{c8gB?s» $ 0 ©f l^tb 50 
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«e**l^ter*4C£«-£5*rt>fti,». *fc> ^ 
(Dfflmi&m-P*: ©ffe© -fe > tf©#tt« 60S 

[0121] jlfc. Bll 5CC^l/fc«0<fc^CCigffi^tf 

ma -r § «^«c . ssb&ii s to c ©@iES * si 

tBft -fe > if SSK&WJB L r 6 . *«W«R«eDff fflSft* 

t s c t » * -5 * t? t> ft t >. 
[0122] kJif^tai/fccfc^cc, *HJ6M(c^sjWS; 

ft#j®B*{cta!->r. P^Kf h i o o ©w^ttif*^ 
{c*jW4*3iitHl^©t^^*«fc»)i«a«:i8»-i-4 c 
t^-e*, 3 6fc JW^©tf»ttH{cjef&e«js.o3Bji(c 

[0123] JS*s^fo/t^(c». pftHO 

OORXttitWaJtcjSIKOfcsS^^lfJiDfe. SSPic 

l fcffi^^i&ius -fe > if © a -5 *fjss*jai, > ©r* . 
[0124] ^timtvmtmwimzmmw 

WKtiCif. h 1 0 0«£jsi£3to£ft!j©ff- 

iij^ x t- a <Dm a u ft <o «ng-r z> c t tmrn t ft 
s„ ^t-fo • 4z>if^©s*ims*^^sn 

* 0 . 7 ft £3^> 6 © A*B«tc» L.rWffift jBWfi 
ffl*tf 5£«S*ift< ft So 

[0 12 5]^, SSP<i;8gB£©ffi^SI«©Sfl^ 
nmtta>K? h 1 0 0 ©«B©tf «JtfH?rJ5 

[ 0 1 2 6 ] H2 0 CCt*. M^motf-s b 1 0 0©^ 
tf*(CSa5 4 S§B4 ©ffi*t»ib*©SIS*SJ|l%«» ©tf 
«psfiBK:S» St54If) ©*«*«m L r l» 5 . 

[0127] C©^^, 020 ( a ) JbXf ( b ) iC^T 

[0128]i20 (a) r«. aa&PJP*^ a 3 
0 0B, * 6^ nfcWli«±©tt 0 ^^ftlT 

44, mT®ft%-S.»±?Ztti>t,c> 3P.JCffiffi© 

So cntcjcgur, s,^*W*> i ^-;b2 0 o«, A 

4 *ij»f U /ciS^tc < © jz— tf icftb W J: ^ -r 

[0129] s»fc, 120 (b) "Ct*. atMHlffll*^* 
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&mmim& - * > tc^-*- -s, . 

[0130] KnFKRff3KtfMrii/ WtclRJtS 
ftfct,*. *^7&£©il{£A7J3£g2 5 lfcfc 

5 A?J!IH**«SI LrtS^iSfj: £ '^68§M©tt?5E£ 

gfj«^©gi5{4*fflo-c. Kffl±*a#H-r<ci-oaif^% io 
*>\ it 0 8&ffi#ra©^T^#~>«, ^7 7-o-eit# 

*\ X«. SttfMffll-ty^-JUS 0 0±-C'JTil-^-/A 
r4«-TI,j;^(CLt^j;i^ (flu. ^tf^£->©£ 

[0 132] $fc, it^ftffi&©ffe(DWi- m^f&t 20 

mm u tct§^K. £ < © 3. - if tc a w * m- & & , arsi e 

it&S„ c©^ m&zztf or kJ^U -e©*B 
[0133] *fc, 120 ( c ) CC^-TP)r». m?wj 

[0134] m>)$&mmmfj<%-~>te. ^^mf^ 30 
[0135] ir^©^ft^tf^*^->cDia^ «*. 

Jgta£if A 3tJCi*s-Ct5. 02 HC &iSgSJgt« 
cDSgP©A*fft*3/jN3i,^cD®itet&^, Jfc, 12 
2 (C ttggffiStfeB$<D£§|5© AS* ft # l >*§-£©JgittB& 

[o 136] 12 i icm-rm^ca, m&mfiwmicm 

nccStfU 12 2 2fc^^-«^-(c«, SiftJW*ssSB{cE|7jjn 40 

[0137] £/c££fc£ff'f*->©fi&©ffl£ ur. 
Z M P tiiMZfelE L tcWft^ % - >#s3?x. 6 ti 

[0138] ttc, 3&m*mmi<tj;fttb<Dt£if*'rt*> £ 
Stctt. IMffl^<hHB$ca,>&&9i-i#? h 1 0 0© 
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[ 0 1 3 9 ] *fc. H2 0 < d ) iCmf^jTi*, tfrfftt 

[0140] H5«W»0>K» MOO 

S) *B^{c«. JHWcfcur. M:*jl*»itSffflWrjE. 
[0141] WaSBWratf? h 1 0 o*ijejs*» 

[0142] WSCSKJO* f h 1 0 0*t£fi 

[0143] ^U-C. 132 0 (b ) SO* (c) tC*it,>-C 

[0144] ajSKWD 39J«*L/fci #tc <J r;L- 

[0145] St, K5EiMf^*->*fflt»-r*tflW«BI 

^tf ^ (xf77's i i ) „ *fctt ^tj^ti, 

^m<9K c xC (fib. K c «fg*t?*«3, ^^^h 
*1. 0it5)i$«L [s/s t ep] r«5£3ti 

So 

[0146] aw©afi{cK«ofcffiS*«IMH 

TS Uf-;^S13). 

[0147] &sait*)mtfiimm*m'ct>tia> mm^ 

Xf ^'S 1 2K«»L-t (Xf^'S 19), laFD^ 
!£0tf * - > £ffl t » r *Mf SfJ® & . 

[0148] flfe*. S^?#Da*'fFS«&«±(Cftofci® 

^tc«, mf'* $ - >©ft*aa©jM!RMs^f 5 0 

[0149] C©*§£\ *"r*ffJWW©^EM*tf 5 
(Xf-^SU) . Chit fg*K c ©ffi?r<S5Ctttt] 
■T4 K t = K c + 0. 1) CtlCJziXWmS 

tiSo C©M*. ;!fHf^£~>©ft£MJK£^H-r5C 

[0150] tMf^-*->f}*jaK*SEML/5t 
i#©ZMP«iil©*m*tT-5 (Xf'jX'S 15). Z 



(14) 



^r[tjcD*^on^ icttr &mmmtt<Dm&~~ j ( jh g 

0B*a#* h^^ffisttffi^ 3 2 1M-3 2 4H) 
[0151] ^-L-t, gttH?n/cZMP«lji*»iC, z 

9l4*tft5<kifetC Uf^S18) , Xf-^S 10 
[0 1521(11, *Wf><*->S£iS«©»JRtt. * 

«fc o r |S]^|{cigfiX-r & C £ #-c * 5 o 
[0153] ZMP^aWSWllB^jifcL-r^ 
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* S 2 0 ) „ 

[0154] ^«,»-C, fijetCftC *«|S*0/ti#C[>*tf 
£ - > 4 5f" v -7 -C > r * 6 #> D #>£fi£T & MS fc o (, > 

rittwrs. 02 4iui, ^tf^^">*^77^>t? 

[0155] *f, ^nfcWSBffll *fUl-C 

»^S3 1). n@S©#frlSl*K,fc b 
JUs (n) «:«?»■}- 4 (Xf.yS3 2) . 

[0 156]^t, CCDSJgjtO-^i' h;bs (n) 4 
for, h 1 0 0©K6*tffi«3ROCc*rr-SjWttffi 

iSO'-X'Y'Zm^FAr, (r.„, r, v , 

r„, t) ZmiE-tZ (Xt--^7*S3 3) . #IE5S«. 
T5$©iI9 £&£ ^tf©K(*7 Y-K^f * 

[0157] 
[ttl ] 



[0158] ^"C, mjELtcmg^f Mr 
„<r„. r ov , r„. t ) £fl3(,>T\ 

»n!j<^ h i o o<D±mm$b'<z--><DWtii%mic-r>^ 
[0159] 3c«,»-c, i«*f)k ffi*t»«wee-fe> 
( n + i > aa©*tfHii*tft>, ( n + i ) ms©j£ 

J©f«3^ Ms (n+ 1 ) (Xf^'S 3 

5 ) . 

[oieoi^t, (n + i ) @s©j£j©*9^* h 
;i^s (n + i) *si^{iI«±a>§^£«eijts (xt-? 
7's 3 6 > „ is^? f '^¥mm^mt,ciR$ -^r^n 

£ LT^ti. 

[0161] ffi77- 3.m%<0<<? Ms ( n + 1 ) 
§«£U:©«£CeH:. n £ 1 Lt (Xf";7*S 

37) , Xf^S3 3tC»llt, ±i3<b|g«©*Hl 

[0162] *&(C. 02 4W5Xf ^"S 3 45C 

[0163] *SI*fe«aj-c». £#m«m< *->#&©*: 
«>fc. 07-09 tc^R-rif j»©W^#ifea ^' ? moo 

402 5 (MWC, f^aS-TS [»2] TkU- [»4] ) 5C 
[0 1 6 4 ] 02 5iCfclit, 0-XYZJl«^ti*6>tf 

tc, 0 " - X " Y " z " ^«^«wscs;«ra ?H00i 



20 £fcfctt< jMbffi«*{c*W*n-;k b',?, 3-S 

i^iitt,^. iB)0{c^-r^w.^f r ;i'ri*, i « i 

@©»*E©Mt r ' , « i #S©»£©{Mt-"^ h A- 

murnmmm) zmrbot-rz. 

«*©ft*«mh, -eofig^i' M«r '„ (r' h „, r 
'»,. r'„) il, ZMP©{ig^ M£r ' 

30 v^itt: y ^Rif^-^mcmbx^mL 

[0165] C<D£5ti&n&&M*:rM*, «fa«T 

( 1 ) 0*»o»*^r&**i&4. 

(2) IjS4H!lt4.. S^©S:S77^«, S:it^©-7 

( 3 ) &mi&mt>c^ *>c^*46, *©s^{is£w» 

40 ( 4 ) &»&m, 4. K&tta r , *^C»£ U , ^©SS 

(5 ) mmicmimm<D&&m&-rrj:t>*>mfcm±*m 
It*-*. 

[0166] 3*>tf. ■7^+7 U-A 

jfcWrtt. 02 l 4Mr^#iJ4J;^(c, c©m*M 
-e-r'jUf*, WW. H#«T. f*#- Ry, M 

50 (0 hx , e hv , 9,.)tt. W»ftB#?nooKij 
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*B&.VBU~a<>?>. fit, OTTtt. m25<,Cm?M& 

iSJBSftfcO. 
[0169] 
[82] 



[0167] JJB©^»j#EjfiiH*^^*fflt»-C 
NSC9tta^9 h l 0 0©*&fT^*->*£jjR-r4fctf> 

[oi68] a27Ktt. vfts&gbatf? h i o omj 

4p:ZMP©ttf^ h/u 

o-xYz-.mt&mm 



[0170] atf? h l o 0©MSB1S3^— m 
( r ' hz + r OI = const) t, fio, 

[0171] $T. ^ff*i|{C*j^r^6ti-5Jggpa 

«j. ±k««i. )B?gi5©«^ft$^i\ sa5©,igi&-ift 

•^S4 1). (10, JRSJOMtttCHIOTtt. Z 'Tift 

©*kj£o. x'so'Y'©#*tS](cot^-c}j*toi-r 30 

[0172] *l»t?. a»-#f^S,AfifitfJl4 

mot. jesp, (*#. ^uriteaftcc^o^-r-sis 

SZMP±tOt-;?tt, P-;M*£ ft »)©#*-;<:> 

1 (M x , M v ) (Xf^S42) . 

+ mfaH^ + f qx + g x j- m h g 2 H x - r^np J= -M y (t) 
~ rnhH^ + fqy + g y )+ m h g z (i^ - r^npy )= -M x (t) 

[0176] (BO, felT**^t4-r4fe©iT4. 
[0177] 40 
[»4] 

"Thz + r qz = const (BtRfl fC HI b— ^) 



* [0173] iw^ATa^jSffitt** 6 ^* 

fflt-^-C, JfSP7K¥ffir*3MIJj (r\„ r' hv ) 
4t5S3£ZMP±TOt-^> h^SLa-r* (*t^ 
7"S43) „ 

[0 174]^UT, StZMPlKfeW^-^Ol 

so'-x'rz'iriwn (^f^s44). j; 

TS*-^>h (M«. M v ) *HE»EE«[©«<tOT:aa 
RWft^O^JMUCnr*^ ( r„„, r BV ) 4* 

zmp#s* < i ) *mm-rz. 

[0175] 
[83] 



<i) 



[0178] J=ia©ZMP77^ ( 1 ) 

r. MSP^Ertfiil^fiCttJ-rs (Xf^S45) „ 

(H») *fflt>rZMPMS ( l ) cit, * 
*n^8£ o r©Hai5©7k¥*a*f(it* ( r „ , , r „ ¥ ) ©» 
il?**»5Ci*stt§ (Xf-;7"S4 6), CCT 



50 



6 ft s ^(ii^ti , mg.t&nm&te mmmmj < * - > 

©ififKflrc*?). J; 0 *(*Ki{ctiZMP*sa«{ig{cA 

as, »cROfcfiJB«:S5£3ft.5. 
[0179] »ffl3ftfcfi(K«±-C«^fe^0fc(*«i 

->©SIMt-«iE*tf^ (Xr77 , S47)„ C© 

hi. «m<D$km*miiLr: t>xi,\ 

[0 18 0] ;j;i't. ±$©J:McoTf#6n/c^#ji 

< BM(c^< OHsS>6ft^o#7 1 1 0 0©ffi 
8f£*7 r ;U) vC*Sv-f£i£SZMP±©^-^> 1 (eM 



29 

eM v ) zmmtz, (^f-;7's4 8) . im&^r 

[0 18 1]«StfMCfci«t-^>h (eM„ 
eM v ) «aJil»©IS^-r HKil-C* 
•£„ tft< Xf 7 7"S 4 9Ttt, C©^r-^>F (e 

m» , eM v > mm^TMcis»i>m^-^y\~(D 
imffl(£M,, £ m v ) *»*s*>*jpj^-r4. mmm 

S#ff*Hiir*-& (xr-;7"S50). *HSS^|(DJ; 
9fcm&#6SSK£#o|to$;aitf* h (09£#M© 
Ci) ©«H=f. SSgCcDfig<hMg[5©7K¥f±gRO'W$ 

CT, Xf ;7'S5 0 £Ji{^T*J^-?>:£{*£$rJ'-r 
[0182] ffe77, ^^-^.lUCCfc^^-t-y > h ( e 

m, , eM,) frmi^^Mctei-tz^-siy bmmm 20 

( e M, , £ M v ) Ul.Tfr-otcm-git.cte. m&^FMc 
isVZ>*:~s<> h (eM,, eM,) ^rffll^TififK^r^ 
ICtetf&mu&^-Jy h (M«, M,) ZmiELX 

(Xf7 7'S5 1) . Bc^ZMP^fi^CDaSEtij^tTlv 

t^fii£*»cii3?m-rss-c, fligpstt^'f-xDififK 

[0183] $fc, I28Ktt, P^SbP^'-v h 1 0 
0^#«»j-'^-> ; £ f feJ?5t-rS®a^B©ft©M ; 5:7 n 

mtmmtc. mB-^m^m^mi^f^^m^-cvi 30 

[0184] £T, ^tT^ft(Cfcl>T#A6ftSJ£g|SjI 

»j, jaau«iWpe>3itH3titeZMPB«Miiai. 

•^S6 1 ) . ISO. HaB©SMfrK:MOTra. Z'TjISJ 
©#^L. X'R^Y'cD&^ftKooTfi^frli-f 

[oi85] &<,»-c, mm-ittm&w&ffl&.^rii* 40 

h (M, , M v ) (Xr-;7 - S 62). 

[0186] JIg|l7K¥®l*Iiltt ( r •„., 

r'„.) *7-yx««M«n (Xf 77'S63). 

JlL-rsciJii-c**. -r&bfs, c©«^(c «Rg(5CD*t) 

FT (ifta7-'Uti) ?riSffl-r^Ci^r#-5© 50 
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[0 18 7]^>t, KZMPiTOf^i, P- 
;l/ttSfef5<D§*"j<> h (M», M v ) dc-o^xby- 
U xtRWURMr S (Xf77'S64) . 

[ 0 1 8 8 ] *»*¥Mrt*ji©7 - <l xfiM» 

7 7S6 5) . nmmtfoomm^t s ( ? ?s 
6 6) . ccf^enjifiiSB, ^%mi°\mm 

SBStti' * * - > fcSS/tT * K»©*¥»*ftit«©ifflH# 
(r hK , r„) r*f), £DJWMW:H:ZMP#a«ti[ 

[0189] IWJSnfcjSIKJBi-ctt^feKJEUAittiW 

-><Dmi§tJ£.-BiEZft*> (Xf 77 - S67) „ C© 

[0190] &^v, ±m<DJ: f >icox:n^titc±MM 

SL<«^(c5K©»£>6&£ntf-;> MOOOff 
K*JW4S3eZMP±©*-j«>h (eM 
x, eM,) £#tfJfS (Xf ;7'S68) . ^tfflf*^ 
;u-c«±ta© [»4] «it^c£^iiiifcAl 

MUX— je-cabij&StKctO „ 
[ 0 1 9 1 ] ^^f'JUCfeW-S*-^ > h (eM,. 

-So SKxf-^segrti, c©^e-y>h (e 

M,, eM v ) &&®LffJ\'< l CtsV}Z*:-jC> b<D¥f®& 
(eM,, £ M„ ) *«rt»5*»**iJ3£-r S. &@fl £ 

ic£c§©-e (Xr7 7 - S7 0) . *JU-^>^f*^7 

-rs. 

[0192] flfcfr. i»tfWCMSt-^>F ( e 
M, , eM,) i&SifilK^f'JUfCteW S*-^ > h (D&mfe 

(£M,, £M,) «±-C*o/c^(C«, «g?g*^KC 
fcl«t-^>h (eM„ eM,) fcffl^-C^MBftfrfcf 5 
;KCfcWSK*D^i*-^> h (M», M, ) ftlfciEl/T 

(xf7 7'S7 i) . f|y'7-')xMWor, 

it £ *ji(cjixm^s * r, m^asft^- $ ->©iam«?© 

[0193] [ilffl] «±. tt£<DgJfeM*#JRLa*s 

B^©Sg^itK0^v^H-C^*#^K3ISEW©<iiiE^ 

[0194] *W*ffl*-C«, 2 fcmfZif ^ta-77 

*^a§©Sffli5Hii 2 jEKMf a # : h £c mm 3 ft fc I, > . 
MA «. 4 S*tf ©^ -j h M.V. rK -7 h -^-?-©ffe©WlSP 
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m^mmuxh. m%k<Dftm$hMkzm? setups* 

[0195] s-f&tc, mmt^^mx^mn*^ 

*^cdb g£# mt acme « , wmicnn l tcrni* 
m ^mmoimz^m-?^ z x * s . 

[0196] 

Jt£ 5 c £ *s r t £ . infc JW5S3£» n # » h 10 
C0197] *fc, #IWIK:<i:fttf. SlffiitftiSa^ftl© 

[o 19 8] ztc, *mnc£tii*. vmommvtMHc 
[o 199] ifc, siEiswtcintf. mmizaomsM 

■bfp*©*#«c. SSBi«tt!)«l<t<DW(ctB*f^Ki (» 20 

^©tgi* i ©iBucrti*!^ u tcm&xh x & . ais 

[0 20 0] *$W!K:J:ftK. *fT&£*©fPj$£ 

*B«X«M5E 1/t . ff-HfUf *«iE-r 4 & zassmte 

[0201] *fc. *^Hjjcj;n«, wsiwttauertt 30 

?|JI^?£© 1 o£&9f#& 0 Wafl£©SSS£©tB 
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